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(57) Air filtration apparatus comprises an inlet 14, an outlet 16, a fan 18, a corona discharge cell 20 and an 
electret filter 22 e.g. polypropylene. In another embodiment. Figure 3, two discharge cells (40, 44) are provided 
in sequence, and two electret filters (42, 46) the first being thicker than the second. The return current from the 
filter element (54 Figure 4) can be measured to give an indication of levels of pollutant particles present, the 
indication being used to control the speed of the fan and show when the filter needs to be replaced. 
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At least one drawing originally filed was informal and the print reproduced here is taken from a later filed formal copy, 
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TITLE: Air filtration apparatus. 


DESCRIPTION 

This invention concerns air filtration apparatus. 

There are two main methods of cleaning air of respirable pollutant 
particles at high efficiency. The first method is to use a mechanical filter of 
fine fibres, typically glass fibres. By this method filtration efficiencies of up 
to 99.97% may be achieved but with the drawback of very high pressure 

drop across the filter. 

The second main filtration method uses a filter composed of 
electret fibres which have electrical charges embedded therein. These 
electrical charges exert an attractive force on airborne particles, causing them 
to be trapped in the filter more efficiently than an equivalent non-electret 
filter. These filters have a lower pressure drop but can only practically 
achieve filtration efficiencies of up to about 95%. 

An object of this invention is to provide an improved air filtration 

apparatus. 

According to the present invention there is provided air filtration 
apparatus comprising corona discharge means connected to a high voltage 
source for electrically charging pollutant particles passing through the 
apparatus and an electret filter member for collecting charged pollutant 
particles. 

The apparatus of the invention preferably further comprises means 
for drawing air through the apparatus to pass through the filter. Typically an 


BN80OCID: <GB_230e32M_J_> 


2 

electrically operated fan will be provided for that purpose. The fan may be 
upstream or downstream of the filter member. 

In one preferred embodiment the corona discharge means 
comprises corona wires and/or plates with a high voltage between them, 
typically in the range of from ± 3,000 volts to ± 20,000 volts. In another 
more preferred embodiment the air stream is passed through a tube having a 
corona discharge electrode within it with a high voltage between the tube and 
the electrode. That arrangement is hereinafter referred to as a "cell". The 
tube is preferably circular in section and the electrode is preferably on its 
central longitudinal axis. The tube preferably has its inner surface of or 
coated with conducting material, such as of copper, and the conducting 
surface is preferably held at a different voltage from the discharge electrode 
by ± 3,000 volts to ± 20,000 volts. The inner surface of the tube is 
preferably connected to the low voltage side of the high voltage source. The 
apparatus of the invention may comprise a plurality of cells each having its 
own associated electret filter or common electret filter. The cells may be in 
a parallel or in series. In the latter case an electret filter member is 
preferably provided after each cell. 

A single point source of charge in each cell of the apparatus of the 
invention surrounded by a discharging electrode has the advantage of 
producing a flow of charging air ions emanating from the point and flowing 
orthogonally across the path of the pollutant particles through the apparatus. 
The flow of such ions is substantially even, radially of the point to provide 
symmetry of air ion flux with respect to the particle flow. In that way there 
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is veiy little chance of a pollutant particle passing through the apparatus 
without receiving a charge and hence not being collected by the electret 
filter. 

The electret filter member is preferably composed of electret 
fibres, which are typically of plastics material, such as polypropylene. The 
electret filter member may comprise a woven or non-woven web of electret 
fibres. Electret fibres have electrical charges embedded therein or thereon. 

In a simple preferred embodiment of the invention an air filter 
apparatus comprises a casing having an inlet and an outlet for air to pass 
through the apparatus and in sequence a fen, a corona discharge cell and an 
electret filter member. 

It is preferred, however, in order to improve filtration efficiencies 
further to have, along with means for drawing air through the apparatus, 
such as a fan, two or more filter members preferably composed of electret 
fibres each preceded by a corona discharge cell for electrically charging air 
pollutant particles. 

In such an arrangement it is preferred that a first filter member be 
relatively thick compared to the or each subsequent filter member although 
filter members of similar thickness may be used. The thicker filter member 
is aimed to give practical filter life, whereas the second and subsequent 
thinner filters improve efficiency without undue increase in pressure drop 
across the filter apparatus. With arrangements of this type it is envisaged 
that filter efficiencies between 99.98 and 100% may be achievable. 

With regard to the preferred corona discharge system comprising a 
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cylindrical tube with a central electrode, the inner surface of the tube being 
conductive, that has the advantage that virtually all light air ion flux is 
collected by the conducting surface, typically connected to the low voltage 
side of the high voltage source, so that virtually no flux escapes from the 
apparatus that would otherwise cause dirt deposition on the surroundings. In 
addition, due to this substantially complete capture of air ions in the charging 
cell, the only charge escaping the charging cell and subsequently impinging 
on the filter is the charge carried by the pollutant particles. These are 
substantially totally captured by the filter, so that the charge collected can be 
measured. 

A path for return of charge collected on the filter to the high 
voltage generator is preferably provided, whereby the amount of pollutant 
particles collected by the apparatus may be measured. It is, therefore, 
preferred that the filter apparatus of the invention include means for 
measuring current returning from the filter to the high voltage generator. 

The current measured in that way may be used as a signal to aid 
operation of the filter apparatus. For example, the return current indicates 
the amount of pollution present and so the signal may be used to control fan 
speed to increase or reduce air throughput accordingly. Alternatively, 
operation of the filter apparatus may be cycled to target a preset level of 
pollution. 

The signal may be used to provide an instantaneous rate of 
collection of pollution particles in order to ascertain whether or not the 
apparatus is working. 
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Thirdly, the signal may be used to provide an aggregate of charge 
collected so as to indicate exhaustion of the filter for timely replacement. 

This invention will now be further described, by way of example 
only, with reference to the accompanying drawings, in which:- 

Figure 1 shows schematically an air filter according to the 

invention; 

Figure 2 shows schematically a corona discharge system; 
Figure 3 shows schematically another air filter according to the 
invention; and 

Figure 4 is another schematic drawing of air filter apparatus of the 

invention. 

Referring to Figure 1 of the accompanying drawings, an air filter 
10 has a casing 12 with an inlet 14 and an outlet 16. In sequence from the 
inlet 14 are a fan 18, a charging zone or cell 20 and a filter element 22. 

The fan 18 is simply an electrically driven fan to draw air through 
the air filter inlet 14 and out through the outlet 16. 

The charging zone 20 is provided to impart a charge to pollutant 
particles in the air passing through the air filter. Various means may be used 
for charging the pollutant particles. The charging zone may comprise wires 
and/or plates with a high voltage between them, typically of the order of ± 
3,000 to ± 20,000 volts, to produce a corona discharge. 

An alternative particle charging system 20 (see Figure 2) comprises 
a corona discharge electrode 24 in a tube 26, the inner surface of which is of 
conducting material. The inner surface of the tube is held at a different 


BNSDOCID: <QB_230832QA w O> 


6 

voltage to the corona discharge electrode by ± 3,000 to ± 20,000 volts and 
is typically connected to earth. The tube 26 is cylindrical and the electrode 
24 is on its longitudinal central axis. 

The filter element 22 is preferably composed of so-called electret 
fibres. These fibres have embedded therein isolated positive and negative 
charges. Typically the fibres are made of polypropylene. 

Air is drawn into the filter by the fan 18 and is charged in the 
charging zone including dirt particles therein. The corona electrode produces 
light aero-ions with a high mobility in the electric field. These aero-ions 
pass across the charging zone colliding with pollutant particles to impart 
electrical charge thereto. Substantially all of the aero-ions are retained 
within the charging zone by virtue of their high mobility and the influence on 
them of the electric field within the charging zone. The charged pollutant 
particles by virtue of their greater mass will have a lower mobility in the 
electric field and will pass completely out of the charging zone and be 
attracted to the electret fibres of the filter 22, where they experience greater 
attraction than if uncharged, whereby filtration is enhanced. The pressure 
drop across the filter may also be relatively low. 

The charge on the trapped particles can be caused to flow back to 
the high voltage generator via the filter 22 and an electrical measuring circuit 
and indicator to give an indication of the degree of air cleaning and the 
pollution level in the air. Such an arrangement is shown in Figure 4 of the 
accompanying drawings discussed below. 

In the embodiment illustrated in Figure 3 of the accompanying 
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drawings instead of a single corona discharge zone/filter combination, two 
such combinations 40, 42 and 44, 46 are provided along with a fan 44. The 
first filter 42 is thicker than the second filter 46 to provide a practical filter 
lifetime and the second relatively thin filter 46 does not unduly increase the 
pressure drop across the air filter itself whilst enhancing filtration by 
removing the relatively low concentration of pollutant particles which have 
penetrated the first filter. The corona discharge zones 40 and 44 and the 
filters 42 and 46 are of the types described in relation to the embodiment of 
Figure 1. FUtration efficiencies between 99.98 and 100% may be achieved 
with this arrangement. 

Finally, Figure 4 of the accompanying drawings has been included 
to demonstrate return of charge from a filter element whereby the return 
current can be usefully measured. Figure 4 shows filter apparatus 50 having 
a corona cell 52 and an electret filter element 54, whereby pollutant particles 
56 entering the apparatus and travelling in the direction of arrow A, drawn 
or propelled by a fan (not shown), are charged by collision with air ions 
produced by corona discharge needle 58 in the cell 52. The corona discharge 
is generated by high voltage generator 60 connected to the needle 58. The 
cell 52 has a conductive lining connected to the low voltage side of the 
generator, whereby air ions are drawn thereto and discharged, so that they do 

not escape from the cell. 

The resultant charged particles 62 are collected on the electret filter 
element 54, typically of the type described for the other illustrated 
embodiments and their charge given up (64). The filter element is connected 
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to the high voltage generator 60 so that the charge on the filter can return as 
a measurable current to the generator. 

The current measured can be used for a number of purposes. The 
amount of charge collected on the filter element indicates the level of 
pollutant particles present. Therefore, the current measured can be used to 
control the fan speed in variance with the level of pollution. 

Current measurement may be used to indicate instantaneous rate of 
capture of pollutant particles, thus signalling whether the apparatus is 
working. The current could be used, for example, to power a visual display, 
such as an L.E.D., to show that the apparatus is working. 

The current measurement can also be continuously aggregated, in 
order to indicate the total amount of pollutant particles collected and hence 
when the filter element is likely to be exhausted. Again this measurement 
may be used to power a visual display, such as an L.E.D. to show when the 
filter element needs replacing. 

The apparatus of the invention has a number of advantages that 
deserve mention. By charging pollutant particles from a single corona 
discharge point in a cell, virtually no particles can pass through the cell 
without being charged. Hence the apparatus of the invention can operate at 
very high efficiency levels even up to 99.999% efficiency. 

Secondly, by collecting air ions and discharging same via the cell 
wall surrounding the corona electrode, virtually no electric field impinges on 
the electret filter to hinder its operation. 

Thirdly, as virtually all the charge particles are collected as well as 
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the air ions, virtually no charge escapes from the apparatus to cause charge 
build up and hence dirt collection on surfaces around the apparatus. 
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CLAIMS 


1. Air filtration apparatus comprising corona discharge means connected to a high 
voltage source for electrically charging pollutant particles passing through the 
apparatus and an electret filter member for collecting charged pollutant particles. 

2. Apparatus as claimed in claim 1, further comprising means for drawing air 
containing pollutant particles through the apparatus to pass through the filter. 

3. Apparatus as claimed in claim 1 or 2 comprising a casing having an inlet and 
an outlet for air to pass through the apparatus and, in sequence, a fan, a corona 
discharge zone and an electret filter member. 

4. Apparatus as claimed in claim 1, 2 or 3 comprising two or more filter 
members, each preceded by a corona discharge means. 

5. Apparatus as claimed in claim 4, wherein a first filter member is relatively 
thick compared to one or each subsequent filter member. 

6. Apparatus as claimed in any one of claims 2 to 5, wherein said drawing means 
is an electrically operated fan. 

7. Apparatus as claimed in any one of claims 1 to 6, wherein the corona 
discharge means comprises wires and/or plates with a high voltage between them. 

8. Apparatus as claimed in claim 7, wherein the high voltage is in the range of 
from ± 3000 to ± 20,000 volts. 

9. Apparatus as claimed in any one of claims 1 to 6, wherein the corona 
discharge means comprises a tube having a corona discharge electrode within it, with 
a high voltage between the tube and the electrode. 
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10. Apparatus as claimed in claim 9, wherein the tube is of circular cross-section 
and the electrode is on its central longitudinal axis. 

11. Apparatus as claimed in claim 9 or 10, wherein the tube has its inner surface 
of or coated with conducting material. 

12. Apparatus as claimed in claim 9, 10 or 11, wherein said high voltage between 
the conducting surface and the discharge electrode is in the range of ± 3000 to ± 
20,000 volts. 

13. Apparatus as claimed in claim 12, wherein the conducting surface is connected 
to earth the low voltage side of the high voltage source. 

14. Apparatus as claimed in any one of claims 1 to 13, wherein the electret filter 
is composed of electret fibres. 

15. Apparatus as claimed in claim 14, wherein the electret fibres are of plastics 
material. 

16. Apparatus as claimed in claims 14 or 15, wherein the electret fibres are of 
polypropylene. 

17. Apparatus as claimed in any one of claims 1 to 16, further comprising a path 
for return of charge collected on the filter to the high voltage source. 

18. Apparatus as claimed in claim 17, further comprising means for measuring 
current returning along said path to the high voltage source. 

19. Apparatus as claimed in claim 18, further comprising means for controlling 
fan speed in response to return current measured. 

20. Apparatus as claimed in claim 18 or 19, further comprising means for 
indicating operation of the apparatus in response to return current measurement. 
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21. Apparatus as claimed in claim 18, 19 or 20, further comprising means for 
indicating Alter member exhaustion in response to return current measured over a 
period of time. 

22. Air filtration apparatus substantially as hereinbefore described with reference 
to and as illustrated in any one of the accompanying drawings. 
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